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Aviation Safety Program

Develop technologies, tools, and methods to:

– Improve inherent safety attributes of new and legacy vehicles

– Overcome safety technology barriers that would otherwise constrain

full realization of the Next Generation Air Transportation System

Research Thrusts

Integrated

Resilient Aircraft

Control

Aircraft Aging &

Durability

Integrated

Intelligent Flight

Deck

Integrated Vehicle

Health

Management



Safety Challenges
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Expanding Capabilities

Safety Challenges

•• Equivalent Visual OperationsEquivalent Visual Operations

•• Super Density OperationsSuper Density Operations

•• 4D Trajectory Management4D Trajectory Management

•• Weather Assimilated into DecisionsWeather Assimilated into Decisions

•• ……



Integrated Resilient Aircraft Control

• Prevent Loss-of-Control Accidents

• Autonomous Vehicle Mission Management

• V&V of Complex Flight Critical Systems

• …

Aircraft Aging & Durability

• Damage Science for Materials & Structures

• Detection and Integrity Assessment

• Design for Reliability and Durability

• …

Integrated Intelligent Flight Deck

• Optimum Workload Allocation

• External/Internal Situation Awareness

• Off Nominal Behavior Detection

• …

Integrated Vehicle Health Management

• Prevent System and Component Failures

• Self Recovery from Malfunctions

• Improve Maintenance

• …

Safety Projects

Challenges

Project Areas

Data Driven

 Requirements



IntegratedIntegrated
SystemsSystems

Multi-DisciplineMulti-Discipline
InteractionsInteractions

Fundamental Physics & ModelingFundamental Physics & Modeling

Discipline Level Discipline Level 

TechnologiesTechnologies
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Conduct foundational research to further our

fundamental understanding of complex safety-

related problems facing aeronautics community

Leverage the foundational research to develop

technologies and analytical tools focused on

discipline-based solutions and efficient validation

processes

Integrate methods and technologies to develop

multi-disciplinary solutions

Approach

In-house research, supplemented with

Universities and companies performing

foundational research to address

technology gaps

NASA development of multidisciplinary

technology solutions and validation methods

NASA development of discipline-related

solutions and validation tools

Space Act Agreements to collaborate with

industry; Establish partnerships with other

Government Agencies (FAA, DOD, etc..)

Level 1

Level 2

Level 3

Level 4

Solve aeronautics safety challenges for a broad

range of vehicles with system-level optimization,

assessment, and technology integration



Four-Step Planning Process

Step 1: Assess the long-term research needs and goals in

the Aviation Safety program and establish technical

roadmaps to accomplish those goals.

Step 2: Solicit information on key areas of interest from the

external community and determine opportunities for

collaboration through an RFI

Step 3: Develop research proposals at the field centers

Step 4: Issue a NASA Research Announcement to solicit

proposals for foundational research in safety related

problems



FY07 FY08 FY09 FY10 FY11 FY12 FY13 FY14 FY15 FY16

Integrated Vehicle

Health Management

Baseline assessment of

IVHM state of the art

Requirements definition for Next Generation

IVHM framework & implementation
Develop & demonstrate

IVHM validation capability

Define Next Generation

IVHM capability
Develop and validate IVHM technologies

for prevention, detection and mitigation

Define Next

Generation
IVHM capability

Re-curring milestones

Integrated Intelligent

Flight Decks

Initial conceptual

framework for AFDS

Approach to validation

quantification including system-

level metrics & benchmarks

Specification of

Application Domains

AFDS conceptual

model(s)

Criteria for assessing

AFDS safety risk

Validation

experiments

Inferencing

transfer functions

Validation assessment

of tools, AFDS concepts

and technologies

Develop
Phenomena

Identification

Ranking

Table

Assess PC

Develop Tools

Adaptive Flt Deck Sys

(AFDS) Guidelines

Integrated Resilient

Aircraft Control Requirements definition

for IRAC System &
implementation

Evaluation of IRAC System

for Benchmark Problem 2

V&V and Predictive Capability

Assessment Process

Demonstration and Evaluation

Evaluation of IRAC System
for Benchmark Problem 3

V&V and Predictive

Capability Assessment of

IRAC System

Evaluation of IRAC System

for Benchmark Problem 1

Aviation Safety Top Level Roadmap

Validate predictive

capability and extended life

(Generation 2)

Validate predictive

capability and extended life

(Generation 1)

Insert advanced technology

methods, assess

Baseline SOA against

advanced concept test

Integration

Framework

Inter/intra-agency
portfolio assessment

Aircraft Aging &

Durability
Baseline SOA

against existing
database

Interagency
Test bed



Integration & Assessment of Adaptive IVHM Systems into Vehicles

Integrated Vehicle Health Management

LEVEL 4

Analytical,

Simulation, and

Experimental

Methods and

Techniques

LEVEL 3

Integration, Understanding, & Assessment of Self Aware and Adaptive Subsystems

Integration & Assessment of Models, Materials, and Smart Subsystems/Components

Characterization,

Validation &

Predictive

Capability

Intelligent Sensing,
Monitoring, &

Diagnosis

Failure & Hazard
Mitigation

Architecture &
Information

Management

Prognosis

Airframe Propulsion Aircraft Systems Environmental

Validation &

Predictive

Capability

Assessment
System Architectural

Framework

Multidisciplinary Vehicle-Wide Health Management System, Tools,
and Technologies for:

• Graceful Recovery from In-Flight Failures (SAFETY)
• Preventive and Adaptive Systems for In-Flight Operability (SAFETY, PERFORMANCE)

• Informed Logistics & Maintenance (COST, PERFORMANCE)

Physics Based
and Data Driven

Modeling

Advanced Data
Analysis & Data Mining

Design
Methods

IVHM
Architectures

Sensor and
Actuator

Technology

Detection Theory &
Reasoning Methods

State
Awareness

Advanced
Materials
for IVHM

LEVEL 2

LEVEL 1
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Integrated Vehicle Health Management:

Research Topics

Analysis, simulation, ground-testing, flight testing, environmental
testing, and software assurance.Validation and Predictive

Capability Assessment

System design, analysis and optimization; information
management, data flow and communication; control and
reconfiguration; architecture development and validation.

System Architectural
Framework

Environment Health
Management

State-awareness and prognosis of landing gear, hydraulic and
pneumatic systems, electrical and power systems, fuel and
lubrication systems, and avionics/communication-navigation-
surveillance/flight critical/flight management systems; robust
distributed fault-tolerant self-recoverable architectures.

Aircraft Systems Health
Management

Self-awareness and prognosis of gas path, combustion, and
overall engine state; fault-tolerant system architecture.

Propulsion Health
Management

Airframe Health
Management

Prevent, detect, and mitigate the effects of hazards such as
onboard fire and fuel detonation; interior air quality degradation;
ice; lightning strikes; EMI/EMC; and ionizing radiation.

Self-awareness and prognosis; anomaly detection and
identification; in-flight damage, degradation and failure mitigation.
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Vehicle-Wide IVHM
L

e
v
e
l 2

L
e
v
e
l 3

Airframe HM

Baseline assessment of

IVHM state of the art

(Multi-Yr)

Requirements definition for Next Generation IVHM

framework & implementation (Annual Updates)

Develop & demonstrate IVHM

validation capability

Define Next Generation

IVHM capability

Develop and validate IVHM technologies for

prevention, detection and mitigation

Integration & Assessment of

Adaptive IVHM Systems

Propulsion HM

Aircraft Systems HM

Environment HM

IVHM Architecture

Validation/Predictive Capability
Assessment

Integration/Assessment of Self
Aware Adaptive Subsystems

Intelligent Sensors,
Monitoring & Diagnosis

Prognosis

Failure & Hazard Mitigation

Architecture & Info Mgnt

Characterization, Validation
& Predicative Capability

Define Next Generation

IVHM capability

Re-curring milestones (yearly, every 2 yrs, etc)

Demonstrate in-stiu damage mitigation for structural integrity

Demo structural HM system on ground test of multi

structural subcomponents (Bi-annual updates)
Define interagency test beds for airframe diagnostics/prognostics

capability assessment

Perform annual assessment of state of the art of structural IVHM systems in aerospace vehicles

within NASA, DoD and commercial aircraft and spacecraft industry (Annual updates)

Assess perf of improved IVHM tech

for aircraft systems

Demo improved IVHM for the

Avionics/CNS/FCS/FMS systems

Demo improved IVHM for

the Electric Power system

Demo improved IVHM for the

Hydraulic/Pneumatic system

Demo improved IVHM for the

Fuel Management system

Demo improved IVHM for the Landing Gear system

Develop Aircraft System Architectures

Develop improved

IVHM tech for Aircraft

Systems

Assess State of

art in IVHM for

aircraft systems

Demo mechanisms that will

support in-stiu damage mitigation

Define & Eval info req

for failure remediation

Intelligent onboard and external comm sys

Define model, eval control &

reconfiguration schemes

Demo sys design, analysis and

optimization methodology

Develop architecture framework

Develop & demo distributed IVHM architecture

Demo Mulit-Disciplinary

Verf and Valid Methods
Develop integ diagnostic/prognostic toolsetDemo IVHM design/integ capabilityComplete an Integ Tech

Dev Plan/Approach
Assess state of art in IVHM (Updates)

Propulsion Sys

Health/Degrad

Mngt Tool

Demo adaptive

technologies
Demo toolset for propulsion

system life mgnt

Dev/Demo in-situ envirn hazard monitoring & detect

Assess State of art in propulsion health

management & fault tolerant architectures

Dev/Demo real-time hazard mitigation

Dev adaptive fuel tank flammability protection
Assess state of art in environment

control monitoring, hazard detection and

mitigation (Updates)

Assess/Characterize the perf of

multi prognostic models

Assess/Characterize the perf of

multiple FDIR systems

Verify/validate an end-to-

end IVHM architecture
Develop/validate diagnostics/FDIR

Develop/validate selected IVHM inference engines

Develop/mature tools, methods & process for IVHM systems

Demo fidelity of global/local sensing

methods for rotating & static components

Demo containment systems for propulsion systems

Demo reliable HM for

engine gas path systems

Develop an interior air quality monitoring

& mgt system

Demo engine

self-awareness

L
e
v
e
l 1

Integration/Assess of Models,
Materials/Smart Components

Modeling & State Awareness

Detection Theory, Reasoning, & Advanced

Data Analysis and Data Mining

Sensors, Actuators & Materials

Analytical, Simulation
& Experimental Testing

Architecture & Design Methods

Understanding and assessment of risk of

failures and hazards
Establish State Awareness Linkage between

Diagnostic/Prognostic technologies

Demo that system level design

methods enable robust integration
Demo that system analysis and optimization

methods increases IVHM sys robustness

Assess SOA in online

detection
Identify/Assess & Characterize

Sensor/Detection Algorithm

Develop/Demo

diagnostic methods

Demo Improved

detection

probability

Flight test

demo
Develop intelligent

sensor system
Demo fault

detection

Demo intelligent

sensors/actuators

Demo joint diagnosis

of vehicle failures

Assess SOA of

Prognostic Methods
Define state awareness

/prediction requirements
Establish physics-based

prognosis methodology

Conduct subcomponent

life predicting studies
Methods for predicting future operating req

Onboard state awareness

assessment

Advanced health state reasoning methods

Develop prognostic

methodologies
Validate Prognostic

Methodology

Assess SOA in aircraft

hazards mitigation

Develop/Assess failure hazard

mitigation concepts
Identify characterize sensor/detection algorithm

Develop/Demo diagnostic methods

Develop self-healing materials

Improved detection

probability Distributed power & Communications

Integ detection/mitigation system tools

Validated diagnostics

/mitigation tools

SOA

assessment

Architectural framework design/data

management design

Database schema

API Definition Network/datalink mechanisms

Trade studies Info integ & analysis tools

Trade studies
Ultra-reliable fault tolerant comm tech

Technology Demo

V&V methods

Dynamic resource

management scheme

Hybrid diagnosis engine

using HWIL testbeds

Optimal test case generation

Demo V&V tools
Hybrid diagnosis engine using flight testing

Stability/convergence analysis

Revised certification process

Sys description method

Hardware in

the loop Cert test

suites

Verf of

sensor

fusion

Demo V&V

for engines

Demo V&V for

diagnostic models

Develop techniques for formal

verification/validation of diagnosability

Demo V&V for

prognostic/life models

Demo integ analysis &

simulation methods

Assess physics based

and data driven models

Identify top failure modes

and conduct tests

Assess SOA in

identification/estimation/tracking

Assess SOA in formal

design methods
Functional modeling

Perform SOA assessment of

detection

Integrate key formal

design methods

Assess physics based and

data-driven models

Develop/validate damage

mechanics methods
Storage-Safe Fuel Formulation

Physics based models

Advanced modeling structural

deformation
Physics based models for

fire suppression

Post fire gas transport Develop airplane RF environment Demo ice methodsLow power fire sensor

Adopt engineering

methods

Incorporate risk

assessment
Maintainablity/functionailty issues

Integrated RTCA/Industry comments

Baseline fire detection Baseline fire prognostication
Develop theoretical basis Develop model predictive control Demo approach for large scale

detection

Establish Material characterization database

Compositional verification Statistical tools Optimizer methods Demo V&V IVHM model Demo IVHM model
Extend model checkingStatic analysis tools Differential verification

Fundamental techniques for engines diagnosis and

prognosis

Analyze accident, incident,
maintenance, & VASIP data for
aircraft systems, airframe, and
propulsion malfunction,
degradation, and failures

Self-Healing Materials

High-Temp

Sensors



Develop and validate IVHM technologies for prevention,

detection and mitigation of malfunctions, failures, & damage
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Vehicle-Wide IVHM
L

e
v
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l 2

L
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l 1

Modeling & State Awareness

Sensors, Actuators & Materials

Airframe HM

Intelligent Sensors,
Monitoring & Diagnosis

Prognosis

Re-curring milestones

Demonstrate integrated sensing, diagnostic, and prognostic

structural HM system on ground test of multiple airframe

structural subcomponents under relevant environments

Assessment of models for performance,

aging, degradation and failure of

airframe materials and structures

Develop analytical & experimental damage

science for structural materials
Develop/validate failure criteria for

failure modes in structural materials

Develop/validate damage

mechanics methods for

structural materials

Identify/Incorporate

probabilistic

measures to account

for uncertainties

Develop Inverse Finite Element Method to determine

locate and characterize damage size from deformations

Develop advanced

technologies for

modeling damage in

structures

Develop &

demo sensor

technologies

Develop and validate by experimental testing

physics based & empirical models of sensor

and actuator performance

Develop and

demonstrate self

diagnostic and

onboard processing

capabilities for

structural sensors

Develop methods of

detecting environmental

degradation

Development and ground test demonstration of

integrated sensing and diagnostic system on

structural elements and or subcomponent tested

under representative flight conditions

Flight test demonstration of integrated

sensing and diagnostic system on

structural subcomponent

Develop methods for

predicting future

operating environments

Develop/validate variable fidelity models for

residual strength/life for real-time prognosis

Annual portfolio assessment reviews at Level 4 not shown

Failure & Hazard Mitigation

Develop self-healing materials

for structural damage tolerance

Architecture & Design Methods

Development of inference engines

for diagnosis and prognosis
Fundamental techniques for analysis of

different classes of inference engines

Develop/validate physics/based prognosis methodologies

to estimate residual strength/life of aerospace structures

Develop and demo prototype sensory & self-healing materials

Demonstrate optimal fault accommodating

control techniques for restoration of

airframe load alleviation (from IRAC)
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Vehicle-Wide IVHM
L

e
v
e
l 2

L
e
v
e
l 3

L
e
v
e
l 1

Modeling & State Awareness

Detection Theory, Reasoning & Advanced

Data Analysis

Develop and validate IVHM technologies for prevention,

detection and mitigation of malfunctions, failures, & damage

Propulsion HM

Intelligent Sensors,
Monitoring & Diagnosis

Prognosis

Failure & Hazard Mitigation

Demonstrate highly accurate and reliable health

management methods for engine gas path systems

Model predictive control fault avoidance and mitigation

techniques, and optimal reconfigurable control

techniques developed

Advanced diagnostic and

prognostic reasoners for engine

gas path system developed

Model aircraft engine

performance faults

Develop hybrid (analytical + empirical) engine model

and nonlinear tracking filter techniques

Develop control limit logic

reconfiguration

techniques for restoration

of engine operability

Demonstrate lightweight,

robust, active clearance

control system for an

intelligent engine

Demonstrate

adaptive

turbine

cooling for

durability

Demonstrate

stall prevention

& recovery for

turbomachinery

Develop prognosis methodologies, accounting for

degradation effects, on remaining engine operability margins

Demonstrate model-based engine gas path performance

tracking and intrinsic diagnostics/prognostics



LEVEL 2

LEVEL 3

LEVEL 4

INTEGRATED INTELLIGENT FLIGHT DECK

LEVEL 1

Sensor Technology
Development

Detection Theory Operator Characterization
& Interaction Modeling

Characterization of
External Hazards

Signal, Speech, and Image
Processing Methods

Formal Design, Modeling,
& Verification Methods

Information Systems and
Infrastructure

Tools, Methods, Concepts, Principles, Guidelines, And
Technologies For Revolutionary Adaptive Flight Decks That

Improve Safety

Tailored Flexible

Operator-Automation

Management

Decision Associate

Technology

Automation Monitoring

& Failure Mitigation

Adaptive Displays

and Interaction

Operator State Monitoring

& Classification

Adaptive Intelligent Information Management

External Hazard Detection

& Classification

Methods, Metrics,

and Tools

Multi-Modal Interface
Technologies

E
x
p

e
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Integrated Intelligent Flight Deck:

Research Topics

Intelligent Information
Management

Tools and functional capabilities that support hazard remediation;
situational awareness and analysis; integrated crew advisory and
warnings; collaborative decision making; and tactical guidance
and re-planning

Decision Associate
Technology

Equivalent visual environments; spatially-integrated displays that
enable optimal presentation and management of flight deck
information; optimized controls and displays that support extra-
and intra-flight deck information coordination

Adaptive Displays and
Interaction

Tailored Flexible Operator-
Automation Management

Information systems that support the needs of technologies
above while enabling integrated flight deck and external
environment state assessment and safety analysis, tracking of
real-time navigation, communication and surveillance
performance, supporting collaborative information management
(with ATC/AOC), and providing predictive information.

Dynamic operator/automation function allocation strategies with
formally verified fail-safe reversionary modes for automation
assigned functions
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Annual portfolio assessment reviews at Level 4 not shown

Revolutionary Adaptive Flight

Decks that Improve Safety
L

e
v
e
l 2

L
e
v
e
l 3

L
e
v
e
l 1

Adaptive Intelligent
Information Management

Methods, Metrics & Tools

Automation Monitoring &
Failure Mitigation

Operator State Monitoring &
Classification

External Hazard Detection &
Classification

Multi-Modal Interfaces and

Signal Processing

Sensor Technology and

Detection Theory

Formal Methods and

Information Systems

Characterization of External

Hazards and Operator

Tailored Flexible Operator-

Automation Management

Adaptive Displays and

Interaction

Decision Associate Technology

Initial

conceptual

framework for

AFDS

Approach to validation

quantification including system-

level metrics & benchmarks

Specification of

Application Domains

AFDS

conceptual

model(s)

Criteria for

assessing AFDS

safety risk

Validation

experiments

Inferencing

transfer

functions

Validation assessment of

tools, AFDS concepts and

technologies

Develop

PIRT

Assess

PC

Preliminary assessment of

operational scenarios

Perform analytical

human/machine tradeoff studies

for functional categories

Define assessment

contexts (decision

point)

Notification /

alerting schemes

for transitions

Define context-dependent

function allocation

strategies

Verified fail-safe distributed

operator / automation system

Presentation formats and

interaction methods for 4D+

information

Information requirements /

task decomposition for

equivalent-visual capability

Interaction constructs with

respect to integrated multi-

modal interfaces

Validate guidelines &

requirements for

equivalent-visual ops

Initial safety

benefits

model

Image

fusion

algorithms

Integrate multi-source

information including

metadata (e.g. quality)

Refine operator

model to determine

optimal design of ADI

techs

Validated design

guidelines for

equivalent-visual ops

Validated model for predictive

operator-flight deck-

environment interaction

Validated safety

benefits model

for ADI techs
Architecture for

integrated situation

awareness

Context-sensitive

information retrieval

mechanisms

Define metrics and

standards for hazard

assessments

Define response categories

to specific hazards

Assess information,

notification, & alerting

system

Validate

collaborative

remediation

Roles for collaborative

decision making

Baseline ext

hazard charact.

Phasing

plan

Charac of

external

hazards

Phasing

plan

Deliver ext

haz models

Ext haz model

assessments

Phasing

plan

Deliver external

hazard models &

databases

S/w for

enhanced

training

Fatigue

analysis

Acoustic

cueing
Validate ops

protocols

Visually-guided

control models

Visual

demands

for EVO

Attention

allocation

models

Vision comp.

of operator

model
Distr. oper/auto sys

models (multi-yr)

Integrity

methods

Human/auto

models (multi-yr)

Extrap. sparse

data (multi-yr)

Tech gap

assessment Assess design verif.

principles, metrics, & criteria

Baseline for

flight deck info

manag sys

Info quality

metrics

Assess

safety/risk

metrics

Comm

needs

Data exchange

model
AIIM arch

design

Refine

AIIM

design
Techniques to

normalize info

Demo AIMM
Demo

AIMM

Guidelines for info

management

Emergent

opportunities

Emergent

opportunities

Catalog flight deck info

Modeling

req’ts V&V

metrics

Validate design

principles &

metrics

Latent safety

hazards

Latent

safety

hazards
Latent safety

hazards

Trade Study FD Design Trade Study FD Design

Trade Study FD Design

Prediction tools
Design ToolsSafety metrics

Safety

metrics

Human-automation

switch

Auto sim

systems

Verify FDAM

integrity

Computational human model Predicted latent

design errors
Non-intrusive

sensors & methods
Validated

operator models

Assess operator

states

Comprehensive surv

sys approach

EHM

prelim

design

Intermediate EHM design

and predictive toolset

based on V&V testing

Decision point based on

assessments of sensors, fusion

methods, and threat potentials

Final EHM design

based on V&V testing
Validated EHM function

and predictive toolset

Parameterize

characteristics

Models of human

safety risk

Assess solution

space (multi-yr)

Mech to

assess auto

perf / state

(Multi-yr)

Database

monitor Validity of

training

Evaluate real-

time monitoring

Re-curring milestones (yearly, every 2 yrs, etc)

Develop

Tools

Refine

PIRT

Assess

PC

Guidelines

for AFDS

(w NGATS)

Refine

Tools

Refine

PIRT

Assess

PC

Guidelines

for AFDS

(w NGATS)

Refine

Tools

Refine

PIRT

Assess

PC

Guidelines

for AFDS

(w NGATS)

Refine

Tools

Clutter

metrics

Risk

thresholds

Guidelines for info

management

Safety

metrics

Baseline

FDAM

FDAM

architecture

Auto state & comm

consistency
V&V auto sys

models

V&V anomaly

detectors

SoA assessment

(image/speech/signal)

Applications for image/

signal/speech processing

SoA assessment

(interface tech)
Initial defn of

visual environ.
Controller/

pilot inter.

req’ts

Principles

for modality

assignment

Speech intellig.

methods

Assess

voice comm

replacement

Wearable cockpit

Proc’ing

algo.

Language

interface

req’ts

Assess algo.

performance

Assess operator

tracking techs

Control panel

fusing EMG & VR

Evaluate haptic/

tactile techs

Display/

interface design

principles &

metrics

Validate proc. algorithms

Eval. thought-

control methods

Req’ts for lang.

interface

Initial

investigation

w req’ts

Prelim. testing

complete

Hypotheses &

disparity metrics

Assess biomech.

models

Biometric

sensor

Candidate

sensors

SoA non-contact

sensors (multi-yr)

Guidelines

physio state

detection

Sensor V&V;

deliver techs

Error

models

Vision

models

Characterize

uncertainty

Op-specific

performance

req’ts

Error

models

Status

report

Hypotheses &

metric sufficiency

Tech

assessment

reports

Sensor

model

V&V

Deliver sensor

techs; uncertainty

models

Guidelines

for AFDS

(w NGATS)

Modeling

frameworks

Info

trace-

ability

Comm

req’ts

Info

infra.

Formal

models (auto)

Data

comp.

Formal

models (oper)

Integrity

methods

Hybrid data

streams

Systems

interop.

Arch.

defn

Framework for formal

verif. of monitor integ.

Automated meta-data

capture methods

Integration

approach

Info

ambiguity

approaches

Effects

Validation

Data mining

(VASIP)

Procedure

pattern

analysis



Instrumentation
for Resilience

Integrated Resilient Aircraft Control

Integrated Modeling, Control, and V&V Technologies for Hazard-Resilient Aircraft
Control & Flight Management:

• Graceful Recovery from In-Flight Failures/Damage, External Disturbances, Upsets, & System / Control
Input Errors (SAFETY)

• Effective Mission Management under Adverse/Upset/Hazard Conditions (SAFETY, PERFORMANCE, COST)

 Integrated Design, Implementation, and V&V of IRAC Subsystems

LEVEL 4

LEVEL 3

LEVEL 2
Integration & Assessment of Flight Safety Prediction and Control Remediation Subsystem Components

Intelligent Sensing,
Monitoring, &

Diagnostics for
Vehicle Control

Flight Safety
Prognostics

LEVEL 1
Characterization and Assessment of Safety-Critical Adverse / Upset / Hazard

Conditions and their Effects on Vehicle System Safety and Control

Vehicle Dynamics &

Hazards Effects

Modeling

Validation of Complex
Models & Systems

Resilient Materials

Robust Design and

Risk Analysis /

Mitigation
Software Safety

Assurance & Formal
Verification Methods

for IRAC

Control
Autonomy

Coupled Hazard
Effects &
Vehicle

Response
Characterization

Control
Mitigation

& Recovery

V&V of
Complex
Systems

Detection, Identification,

& Prediction Methods

Resilient Propulsion
Control

Resilient Airframe
Control

Resilient Flight
Control

Resilient Vehicle
Mission Management

Safety-Critical
System V&V

Control and Guidance

for Hazards

Conditions

Simulation of Complex

Systems

Advanced Control

Structures
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Integrated Resilient Aircraft Control:

Research Topics

Safety assurance methods for complex avionics systems;
integrated V&V methods, tools and test techniques for adaptive
control systems; predictive capability assessment methods and
toolsSafety-Critical System V&V

Resilient Vehicle Mission
Management

Damage tolerance and structural damage avoidance; onboard
damage effects assessment, mitigation and recoveryResilient Airframe Control

Damage tolerance and design for extended envelope operation;
onboard hazard effects assessment, mitigation and recoveryResilient Propulsion Control

Resilient Flight Control

Control and performance management; vehicle-based mission
management and autonomous collision avoidance; interface and
communication management

Fault tolerance and hazard effects protection; onboard hazard
effects assessment, mitigation and recovery
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Integrated Resilient Control

Technologies
L

e
v
e
l 2

L
e
v
e
l 3

L
e
v
e
l 1

Integration & Assessment

Sensors, Monitoring & Diagnostics

Coupled Hazard Effects

Control Mitigation & Recovery

Control Autonomy

Integration & Assessment

Materials & Structures

Modeling & Simulation

Robust Design & Instrumentation

Integration & Assessment

Resilient Flight Control

Resilient Propulsion Control

Requirements definition for IRAC System &

implementation (Annual Updates)

Evaluation of IRAC System

benchmark Problem 2

V&V and Predictive Capability Assessment

Process Demonstration and Evaluation

Evaluation of IRAC System for

Benchmark Problem 3

Resilient Airframe Control

Resilient Vehicle Mission Management

Safety Critical System V&V

and Predictive Capability

V&V of Complex Systems

Validation & Verification

Systems, Control & Guidance

V&V and Predictive Capability

Assessment of IRAC System

Re-curring milestones (yearly, every 2 yrs, etc)

Flight Safety Prognostics

Evaluation of IRAC System for

Benchmark Problem 1

Initial V&V and Predictive Capability

Assessment of IRAC System

IRAC System Designs for Benchmark

Problem 3

S/W impl & verf of IRAC subsystem

Definition of IRAC Benchmark Problem 3

IRAC system design for Benchmark

Problem 2

Dev of prelim integ tools & test

capability

Dev of prelim integ

methods for V&V

Definition of IRAC Benchmark Problem 2
Definition of IRAC Benchmark Problem

1

IRAC System Design for

Benchmark Problem 1
Definition of integ sim

req for IRAC

Prelim IRAC Design Req

Experimental testing of RFCS

Hazard tolerant design req

Baseline integ flight simulation

Assess of flight control interactions (Updates)

Dev/eval of integ vehicle state

assess model (Updates)

Dev/eval of RFCS (Updates)

Update integ high-fidelity flight simulation (Updates)

Hazard tolerant design technologies and guideline

Hazard tolerant design technologies and guideline

Experimental validation of

resilient airframe control

Initial assess of S-O-A

Dev req for integ fault-tolerant

airframe design

Develop design methodologies for upset prevention and failure mitigation (Updates)

Develop technologies for structural damage/upset assessment (Updates)

Damage mitigation & aircraft recovery technology (Updates)

Knowledge based-system for

monitoring vehicle sys & perf

Evaluate mission-manager-provided cues, procedures

and system interactions

Eval/Valid auto aids for

aviation in NGATSDemo mission mgnt using sensor-directed flight capability
Define common middleware

& messaging req (Updates)

Evaluate architectures for autonomous mission

management (Updates)
Evaluate integ Operator/Automation authority (Updates)

S/W implem, V&V,

predictive capability

Integ V&V, predictive

capability

V&V of advanced

computing platformSoftware implem & verf

of IRAC subsystem

Definition of V&V, predictive capability

S/W implem & verf tools

developed

Definition of advanced

computing platform

Dev V&V, predictive

capability assess tools

Dev V&V, predictive capability assess methods

Dev V&V,

Benchmark

Problem 2

Dev V&V,

Benchmark

Problem 1

Define integ

V&V req

Experimental validation of resilient

engine control

Demo of analysis tools for robust engine design

Complete mission adaptive

propulsion for benchmark 3

Complete control algorithm for damage engineComplete prelim resilient propulsion design

Complete modeling/simulation (Updates)

Complete control framework design

Define high level system requirements

Integ failure/damage modeling Integ RFCS w/IVHM #1Integ RFCS w/IIFD #1 Integ RFCS w/IVHM #2
Integ RFCS w/IIFD #2

Integ failure/damage modeling

Demo damaged engine control
Demo damaged engine control

Integ sensor/actuator #1
Onboard vehicle dynamic eval

Dynamic envelope identification

Methods for upset detection

Methods for sensor fusion

Access critical external hazards
Damage, external hazards estimation

methods

Engine damage

diagnosis algorithm

Sensing technologies
Environment hazard

characterization

Controllability/Control strategy tool
Fusion/reasoning methods

Structural analysis methods Coupled engine effects model

Risk assessment tool

Margin predictive capability Fusion & reasoning

methods
Flight safety

prediction algorithm

Risk assessment tool
Control strategy tool

Define benchmark

Common simulation environment

High fidelity models

Full envelop flight

Model methods issues

Engine damage models

Growth prediction & assessment

Aerodynamic analysis

Real time models

Evaluate pilot cueing

Hazard/Engine damage models
Aerodynamic analysis methods

Automated control of mode

transitions
FCS Requirements

Reconfigurable Failure Sets
Engine Damage recovery control methods System Req identified

Risk Assessment
Crew interaction methods

Crew interaction methods
Adaptive control recovery

Fault-tolerant robust

design methods

Optimal Trajectory Search
Sensor-directed maneuvering

Develop architectures Flight Planning

Propulsion controller design Integrated mitigation & recovery

S&C Margin

Sensor-directed maneuvering

Integrated hazard avoidance

Methods in validation

domains

Integ V&V tools

Automated test case

GALS verification methods

Assess effectiveness methods

Adaptive reconfigurable control system

Develop test capabilities

Coupled flight controls

Efficient tools

Mission simulation testbeds

Assess critical technologies

Define current engine capabilities

Assess airframe damage models

Mission management concepts

Risk vs. performance trade analysis

Assess critical technologies

Advanced Structural Control Concepts

Advanced Hazards Models

Mission management concepts

Advanced Structural Control Concepts

Airframe damage models

Component life analysis Focused flight test Airframe design methods

Flight smart structure actuation Airframe design methods

Flight smart structure actuation

Develop architectures

Develop architectures
Define unified metrics

Sensor technologies

Probabilistic analyses

Stochastic life models

Develop architectures

Optimization techniques Optimization techniques

Probabilistic analyses
Sensor technologies

Disciplinary Modules

Disciplinary Failure Modules

Engine damage modeling

Engine performance study

Computationally efficient probabilistic methods

Develop CFS Hazards Model Automated wind tunnel testing

Disciplinary Modules

Develop CFS Hazards Model

Engine model for performance Inverse finite element techniques

Dynamic simulation techniques

Develop architectures

Develop control allocation methods

Dynamic Upset Recovery

Assess soft computing role in recovery

Fault identification algorithm

Fault accommodation algorithm

Sensory assisted recovery

Adaptive reconfigurable control

Emergent behaviors
Adaptive control methods

Life-extending control

Fault injection research

Failure modes

Safety case approach Qualify probabilistic uncertainty models Code level verification tools
Safety case assurance

Experimental methodologiesVerify wind-tunel/cfd models

Reduced-order methodologies



Physics-based

Modeling

LEVEL 1

LEVEL 2

LEVEL 3

LEVEL 4

Aircraft Aging & Durability

Experimental Validation of Airframe, Propulsion and Flight Systems Durability

Characterization /

Validation Test

Technologies

Develop Integrated Methods to Enable the Detection, Prediction,

Mitigation/Management of Aging-Related Hazards

Detect and

Characterize
Predict (life, strength, durability) Mitigate

Structural

Integrity

Lifing Methods/

Material Durability

Mitigation

Technologies

Material Science

(metals, ceramics,

composites)

Sensing and Diagnostic

Technologies

Computational

Methods

NDE / Structural

Health Monitoring

Systems

IVHM / IRAC Interface
•models, onboard state
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Aging Aircraft & Durability:

Research Topics

Advanced material systems (surface treatment/coatings,
multifunctional); degradation management; design for aging
prevention, maintainability/repair, and damage containment

Mitigation of Aging Related
Hazards

Variable fidelity analysis methods and predictive tools;
methods incorporating usage and NDE information;
reliability/margins of safety with uncertainty

Prediction of Life, Strength,
and Durability of Aircraft

Systems with Degradation

Detection and
Characterization of Aging

Related Hazards

Establish linkage between structural analysis and NDE
techniques; Damage and environmental state quantification;
repair assessment
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L
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l 3
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l 1

Detect and Characterize

Predict (life, strength)

Mitigate

NDE/SHM Systems

Structural Integrity

Lifting Methods/Material Durability

Mitigation Technologies

Sensing and Diagnostic Tech

Physics-based Modeling

Materials Science (metals,

ceramics, composites)

Computational Methods

Characterization/Validation

Test Tech

Validate predictive

capability and extended

life

Insert advanced technology

methods, reassess

Validate predictive

capability and extended

life

Insert advanced technology

methods, assess

(Biannually)

Baseline SOA against

advanced concept test

Integration

Framework

Inter/intra-agency

portfolio assessment

(Annually)

Experimental Validation for

Airframe, Propulsion and

Flight Systems Durability Baseline SOA against

existing database

Insert advanced technology

methods, reassess

Insert advanced technology

methods,  reassess

SOA

assessmen

t

detection

SOA

assessmen

t

prediction

SOA

assessmen

t

mitigation

Baseline SOA

capability

Multi-sensor data

management tools

Characterization

by linking NDE

and analysis

tools

Prototype repair

assessment tech.

Certified NDE and

sensor methods
Integrated certified

NDE/sensor

methods

Integrated

analysis tools for

life prediction

Uncertainty

methods

Validate

residual life

prediction

methods

Validate life

prediction for

component

Define validation

strategies for

mitigation

concepts

Validate

Gen 1

concepts

for

durability

Validate

design for

maintainability

Validate design

for aging and

damage

containment

Validate methods

to integrate

maintenance,

NDE, and

analysis

Life prediction

linking NDE

and analysis

tools

Validated flaw

characterization

Prototype

NDE systems

Large area

detection

Multi-orthogonal
measurement

techniques

Rapid NDEHigh temp:

sensors and

instrumentation

Management of large
databases

System

miniaturization

Assess SOA in residual

strength prediction

Relate durability

to damage tolerance Structural models

for representing
degraded state

Residual strength

analysis methods
including degradation

Develop framework

for impact mechanics

and structural
dynamics

Residual strength

analysis methods
structural elements

with complex loads

Validate framework for

impact mechanics
and structural dynamics

Define material

selection criteria
Assess SOA

in remaining life

analysis capability

Develop life
prediction

methods

Establish effect

of combined mech.,

thermal, environment

Validate integrated

multiscale damage

model for structure
Coupled multiscale
models for aging/

environment effects

Multiscale damage

science methods

for materials

Integrate

multi-scale

damage models

with life prediction

Implement

methods

incorporating
environmental

damage

Life prediction

methods for
wire insulation

Validate integrated life

prediction methods

Complex/hybrid
materials and

structures

Measurement
methods for flaw

characterization

Micro/nano sensor systems

for system level integrity assessmentLow cost/mass
sensors for

mechanical and

environmental loads

Experimental

methods for
monitoring

progression

Sensory

Materials

Sensors
for material

properties

ADP methods

for flaw

characterization

Emerging

inspection techniques

NDE for

electrical

interconnects

Sensors

for extreme

environments

Inspection

complex

geometry

Mapping flaw

size/shape

Material degradation models Global and local failure

criteria for materials

and structures

Material progressive

damage models, including

high strain rate and environmental effects

Built-up structure

progressive damage

methods

Material fatigue

damage models

Atomistic
crack initiation

and propagation

Uncertainty

probabilistic

methods

Wiring
insulation

lifing tool

Scale-up

laws

Validate

Gen 2

concepts for

durability

Interagency

Testbed

Integrated

analysis tools for

strength prediction

Needs: Load and

damage detection

(updated annually)

Validate thermo-

mechanical

accelerated test

methods: airframe and
rotating propulsion

components

Gen 1

mitigation

concepts

Introduce
IVHM

Failure
containment

concepts

Maintenance

and repair tech.

Design

for

aging

Gen 2

mitigation

concepts

Maintenance
human factors

Structural

concepts

for aging

Viscoelastoplastic

deformation models

Models simulating NDE
Inverse FEM

damage locate

and characterize

Computational
efficiency for

progressive failure

Parallel and

approximate methods

speed probabilistic design

Advanced

computational

methods for
damage initiation

and propagation

Evaluate

SOA in
materials

ID critical
damage/

degradation

mechanisms

Advanced
adhesive

bonding

CPC’s
and surface

treatments

Containment

system

materials

Fault-tolerant

wiring

ID wiring

degradation

mechanisms

Next gen

wiring

materials

Materials for
inhibition of

corrosion

Novel materials/

fab for repairs and
replacement parts

Cert. criteria for

aging materials Understanding of
aging as interaction

of materials, loads,

and environments

Effects of long-term

thermal-mechanical

exposure

Invert predictive tools

to suggest materials-by-design

Assess

SOA and

develop accel.
test methods

Test methods for

monitoring damage

processes and

progression

Test methods:

high strain rate,

environment effect
on strength/life

Characterize
materials,

ID critical damage

mechanisms

Multiaxial testing

and full-field
measurement

capability

Characterize

environment effect
on strength/life

ID hot disk

rim issues



Situational

Awareness

Data

Life & Strength

Prediction Technologies Damage effects

characterization and

mitigation information for

inclusion in aging and

residual strength models

Database tools for large-area

inspection over extended time

Integrated Vehicle Health

Management

Multidisciplinary Vehicle-Wide

Health Management System,

Tools, and Technologies

Integrated Resilient Aircraft Control

Integrated Multidisciplinary Modeling,

Control, and V&V Technologies for

Hazard-Resilient Aircraft Control &

Flight Management

Integrated Intelligent Flight Deck

Tools, Methods, Concepts, Principles,

Guidelines and Technologies for

Revolutionary Adaptive Flight Decks That

Improve Safety

Aircraft Aging & Durability

Integrated Methods to Enable the

Detection, Prediction,

Mitigation/Management of Aging

Related Hazards

Aviation Safety Program
Project Area Interdependencies - Examples

Control State

Airframe & Control Damage Info

Control System State Changes

Mission Management & Execution
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